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Abstract 

We point out that a spatially-varying electric field can 
be used to cancel the effect of gravity in liquid mixtures 
by coupling to the different components' permittivities. 
Cancellation occurs if the system under consideration is 
small enough. For a simple "wedge" electrode geometry 
we show that the required system size and voltage are 
practical, easily realizable in the Lab. Thus this setup might 
be a simple alternative to more expensive or hazardous 
options such as the space-shuttle, drop-tower, or magnetic 
levitation experiments. 

The gravitational force brings about un- 
wanted effects in many experiments where phase- 
transitions are studied. Buoyancy effects in Hquid 
mixtures and colloidal suspensions, for example, 
become increasingly important close to the critical 
point. 

A common approach to negate gravity is to use 
a rocket, a plane or a drop-tower facility The 
space-shuttle is no longer an alternative as NASA's 
new mission is to go to Mars rather than do micro- 
gravity experiments. This approach suffers from 
many shortcomings such as price, risk to human 
life, etc. A second approach consists of using mag- 
netic levitation to compensate gravity forces |21 ■ In 
this case too the experimental setup, based on a su- 
perconductor, is complicated and expensive. 

We propose here an alternative based on negat- 
ing gravity forces by using electrostatics forces in 
a wedge geometry. We consider for simplicity a bi- 
nary mixture of two liquids A and B with dielectric 
constants ea and eb and densities pA and pB, re- 
spectively. The critical exponents, after the gravity 
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Figure 1 : Illustration of the suggested geometry. Two 
flat electrodes with voltage difference V are tilted with 
an angle 9. In the mixture (shaded region), situated at 
distance R from the imaginary meeting point, thefield 
E — V/9r is azimuthal. /i <C f? is the height above a 
flxed reference point. The setup shown assumes pA > 
pB and ea > £b, otherwise it should be turned up side 
down. 

effect had been negated, are the same for all sys- 
tems in the same (Ising) universality class. The 
coupling of the gravitational force to the densities 
of the two liquids contributes a free-energy density 

Fg = {po + {pA - Pb)(I)) gh (1) 

Here, g is the gravitational acceleration, (j) is the 
local A-component mixture composition (0 < < 
1), /i is a height above some fixed reference and the 
mixture density p{(j)) is given by a linear relation, 

p{(j)) = Po + {PA - PB)<j)- 

As pointed out before E], a field varying 
like E ~ ^/h is needed to cancel gravity, because 
E'^ ^ h \s linear, just like the gravitational field. 



On the other hand, always varies Unearly if the 
spatial extent under consideration is small enough, 
and here we suggest one geometry where the linear 
dependence on the spatial coordinate can be used 
in a practical device. 

The liquid mixture should be confined in an 
apparatus consisting of two "wedge" shaped elec- 
trodes, see Figure 1. The electric field then cou- 
ples to the different dielectric constant of the com- 
ponents and can counteract gravity. In a uniform 
medium, the electric field E points in the azimuthal 
direction and its amplitude is 

E = V/Or (2) 

where 9 is the opening angle of the wedge, r is the 
distance from the origin and V the potential dif- 
ference between the two plates. The electrostatic 
contribution to the free-energy density of the mix- 
ture is given by Fes = For small den- 
sity variations, as is relevant close to a critical 
point, one can expand e(0) to linear order in (jj: 

e = eo + {ea- £B)(t)- 

In equilibrium, density variations will be az- 
imuthal (they will depend on r only), since any 
deviation from such a density profile costs energy 
[Slini. In this case, the solution of Laplace's equa- 
tion for the field is still E = V/9r. In the ex- 
periment, the system should be confined to a small 
region whose extension is much smaller than R and 
the angle 9 should be small. In this case it is pos- 
sible to expand r around R and obtain the electro- 
static contribution to the free-energy 
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Fcs^-—{eo + {eA-£B)(l))-^^^h + const. (3) 

Hence, considering terms linear in in Eqs. Q 
and ^ , one finds that the electrostatic and gravita- 
tional free-energy densities exactly cancel through- 
out the whole sample volume if 

1 

{pA ~ Pb) .9 = ^ {SA - £b) (4) 

Let us examine the numerical values of the pa- 
rameters required for this method to work. For con- 
creteness we consider a methanol / cyclohexane mix- 
ture, where the density difference la pA — Pb — 130 
Kg/m'^, and the permittivity difference is ea^^b — 
31.6 X 8.9 • 10^12 y/tcl. At a vohage of F = 100 
V and opening angle 9 — b degrees, we find that 
R = 0.6 cm. This value of R means that the sys- 
tem itself (with dimensions h <^ R) can not be 
larger than few millimeters. However, decreasing 
the opening angle to 1 degree and increasing V to 



500 V shows that R is much larger, R ~ 5.2 cm, 
allowing for a correspondingly larger system size. 
The corresponding fields for the two cases above 
are E = V/9R = 1.9 • 10^ V/m and = 5.5 • 10^ 
V/m, well below dielectric breakdown. At these 
rather low fields, the field- induced shift of the crit- 
ical temperature is found to be negligible (smaller 
than 3 • 10-"^ K) (ZHH]. 

The device proposed by us can thus be easily re- 
alized in the lab. In order to avoid problems of 
charge injection it would be advised to use moder- 
ate frequency (> 1 kHz) AC fields. The device sug- 
gested (and other geometric variants) has many ad- 
vantages over air-borne and magnetic devices, the 
most obvious ones are the simplicity and small price 
of the setup. 
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